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Different from many other species, human beings spend nearly
two-thirds of the day in an upright posture. Due to gravity,
about 700 to 900ml of blood shift into the lower body dur-
ing quiet standing. As a result, central blood volume decreases
and this leads to a series of neural-humoral adjustments that
aim to maintain the mean arterial pressure during orthostasis.
Both the sympathetic nervous system and the renin-angiotensin-
aldosterone system contribute importantly to the arterial pressure
maintenance in upright humans. There is a growing interest in the
blood pressure regulation during orthostasis in healthy individu-
als and patient populations. This e-book provides some updates
on sympathetic neural control and renal-adrenal function in
health and disease.
Sympathetic neural activity regulates blood pressure mainly
through the baroreflex-mediated vasoconstriction during
orthostasis. The baroreflex is a closed-loop feedback system, but
requires open-loop experiments to identify its characteristics,
which is impossible in human research. Kamiya et al. demon-
strated that system identification based analysis and numerical
simulation using baroreflex subsystem characteristics identified
in animal models may contribute to our understanding of
human sympathetic physiology under orthostasis (Kamiya et al.,
2014).
Neural and renal-adrenal control of blood pressure can be
affected by not only age but also race and physical fitness.
For example, it was found that young normotensive Caucasian
women may rely on sympathetic neural activity more so than
African-American women who had a tendency to rely on the
renal-adrenal system to regulate blood pressure during ortho-
static challenges (Jarvis et al., 2014). Conversely, Sugawara
et al. reported that endurance-trained men had increased ortho-
static tachycardia and enhanced cardiovagal baroreflex sensitivity,
which may favorably mitigate accumulated risks for post-exercise
orthostatic intolerance (Sugawara et al., 2014).
Failure of the sympathetic nervous system during orthostasis
may result in syncope (Iwase et al., 2014). However, orthostatic
tolerance does not seem to be related to resting sympathetic
neural activity or sympathetic baroreflex sensitivity (Hinojosa-
Laborde et al., 2014). Studies in healthy young individuals indi-
cate that in addition to sympathetic vasoconstriction, the heart
rate response may also contribute importantly to orthostatic
tolerance (Convertino, 2014). On the other hand, it is argued
that cardiac effector mechanisms appear not to be important
for the adjustment of arterial pressure to the upright posture in
humans (Wieling et al., 2014). Indeed, investigations into the role
of the sympathetic nervous system in orthostatic intolerance have
yielded mixed results. The review article by Lambert and Lambert
(2014) outlines the current knowledge of the function of the sym-
pathetic nervous system in vasovagal syncope and the Postural
Orthostatic Tachycardia Syndrome (POTS, also called Chronic
Orthostatic Intolerance).
There are multiple pathophysiological mechanisms that
underlie POTS; some POTS patients have evidence of elevated
sympathoneural tone, others have a hypovolemic state, and many
patients have a perturbed renin-angiotensin-aldosterone system
profile (Mar and Raj, 2014). Patients with POTS have acute
changes in cognitive performance in response to orthostatic chal-
lenges, and these patients also have an increased prevalence of
depression and higher levels of anxiety (Anderson et al., 2014).
Impaired cerebral autoregulation may underlie upright cognitive
dysfunction in POTS (Medow et al., 2014).
Finally, patients with autonomic failure often have orthostatic
hypotension and (pre)syncopal symptoms. Arnold et al. showed
that ergotamine combined with caffeine could be used as an alter-
nate treatment in carefully selected patients without comorbid
coronary artery disease (Arnold et al., 2014).
Taken together, this e-book highlights only a small portion of
the recent advances in neural-humoral control during orthostasis
in humans. More research is needed to better understand the role
of the sympathetic nervous system and the renin-angiotensin-
aldosterone system in the regulation of blood pressure in health
and disease.
REFERENCES
Anderson, J. W., Lambert, E. A., Sari, C. I., Dawood, T., Esler, M. D., Vaddadi,
G., et al. (2014). Cognitive function, health-related quality of life, and symp-
toms of depression and anxiety sensitivity are impaired in patients with the
postural orthostatic tachycardia syndrome (POTS). Front. Physiol. 5:230. doi:
10.3389/fphys.2014.00230
Arnold, A. C., Ramirez, C. E., Choi, L., Okamoto, L. E., Gamboa, A., Diedrich,
A., et al. (2014). Combination ergotamine and caffeine improves seated blood
www.frontiersin.org January 2015 | Volume 5 | Article 521 | 1
Fu Neuro-humoral control during orthostasis in health and disease
pressure and presyncopal symptoms in autonomic failure. Front. Physiol. 5:270.
doi: 10.3389/fphys.2014.00270
Convertino, V. A. (2014). Neurohumoral mechanisms associated with orthostasis:
reaffirmation of the significant contribution of the heart rate response. Front.
Physiol. 5:236. doi: 10.3389/fphys.2014.00236
Hinojosa-Laborde, C., Ryan, K. L., Rickards, C. A., and Convertino, V. A. (2014).
Resting sympathetic baroreflex sensitivity in subjects with low and high toler-
ance to central hypovolemia induced by lower body negative pressure. Front.
Physiol. 5:241. doi: 10.3389/fphys.2014.00241
Iwase, S., Nishimura, N., and Mano, T. (2014). Role of sympathetic nerve activity
in the process of fainting. Front. Physiol. 5:343. doi: 10.3389/fphys.2014.00343
Jarvis, S. S., Shibata, S., Okada, Y., Levine, B. D., and Fu, Q. (2014). Neural-humoral
responses during head-up tilt in healthy young white and black women. Front.
Physiol. 5:86. doi: 10.3389/fphys.2014.00086
Kamiya, A., Kawada, T., and Sugimachi, M. (2014). Systems physiology of the
baroreflex during orthostatic stress: from animals to humans. Front. Physiol.
5:256. doi: 10.3389/fphys.2014.00256
Lambert, E., and Lambert, G.W. (2014). Sympathetic dysfunction in vasovagal syn-
cope and the postural orthostatic tachycardia syndrome. Front. Physiol. 5:280.
doi: 10.3389/fphys.2014.00280
Mar, P. L., and Raj, S. R. (2014). Neuronal and hormonal perturbations in postural
tachycardia syndrome. Front. Physiol. 5:220. doi: 10.3389/fphys.2014.00220
Medow, M. S., Del Pozzi, A. T., Messer, Z. R., Terilli, C., and Stewart, J. M.
(2014). Altered oscillatory cerebral blood flow velocity and autoregulation in
postural tachycardia syndrome. Front. Physiol. 5:234. doi: 10.3389/fphys.2014.
00234
Sugawara, J., Komine, H., Miyazawa, T., Imai, T., and Ogoh, S. (2014). Influence
of regular exercise training on post-exercise hemodynamic regulation to ortho-
static challenge. Front. Physiol. 5:229. doi: 10.3389/fphys.2014.00229
Wieling,W., de Lange, F. J., and Jardine, D. L. (2014). The heart cannot pump blood
that it does not receive. Front. Physiol. 5:360. doi: 10.3389/fphys.2014.00360
Conflict of Interest Statement: The author declares that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 10 October 2014; accepted: 18 December 2014; published online: 12 January
2015.
Citation: Fu Q (2015) Neuro-humoral control during orthostasis in health and disease.
Front. Physiol. 5:521. doi: 10.3389/fphys.2014.00521
This article was submitted to Integrative Physiology, a section of the journal Frontiers
in Physiology.
Copyright © 2015 Fu. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) or licensor are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
Frontiers in Physiology | Integrative Physiology January 2015 | Volume 5 | Article 521 | 2
